Objective: In the elderly, erectile dysfunction and hypogonadism have become more important due to the extension of human life. The most important morphological changes of the aged testis are associated with vascular deterioration, chronic hypoxia, fibrosis and hormonal changes. Vascular Endothelial Growth Factor (VEGF) and Matrix Metalloproteinase-2 (MMP-2) are directly related to these changes along with sperm motility and viability. The contribution of VEGF and MMP-2 to the structural and functional disturbances in the aged testis is unknown. The aim of this study was to determine VEGF and MMP-2 levels in the elderly testis and their interactions with one another.
Conclusion: Low levels of MMP-2 are consistent with deficiency of reproductive function but interestingly, VEGF levels were found to be high. MMPs have the potential to regulate the levels and activities of hormones. The absence of physiological effects of VEGF may be associated with MMP-2 deficiency. The therapeutic benefit of induction of MMP-2 activity in testicular hypogonadism is open to research. 
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INTRODUCTION
Vascular aging, which is comprised of the structural alterations of the vessel wall and a functional insufficiency of the vascular endothelium, plays a critical role in the development of infertility and sexual dysfunction in the elderly 1 . In order to stimulate endothelial regeneration in the penile vasculature, vascular endothelial growth factor (VEGF), which exhibits paracrine, mitogen, and angiogenic effects, and forms the capillary network, has been extensively researched but there are few studies on the effect of VEGF in testicular aging 2,3 .
One of the most prominent morphological changes of the aged testis is vascular degeneration. Atherosclerosis of the arterioles, the thickening of the vessel walls and occlusion of its lumens, decreased capillary density, and the degredation of the peritubular capillary network cause a significant decrease in blood flow in the testis 4 .
Diminished blood flow leads to oxygen deprivation and fibrosis and results in a vicious cycle 4, 5 . Hypoxia Inducible Factor-1 (HIF-1 ) induces VEGF expression at the transcriptional level in hypoxic conditions 6 . In the elderly testis, there is no information about whether hypoxia stimulates VEGF induction. It was reported that VEGF may increase germ cell proliferation, sperm motility and decrease apoptosis 7, 8 . However, these positive effects of hypoxia-inducible VEGF on reproductive cells do not occur in the elderly. On the contrary, they are infertile. The efficacy of VEGF in decreasing the reproductive ability associated with aging is still unclear.
In addition to vascular impairment, fibrotic alterations are important structural changes in testicular aging. MMPs, which are a prominent regulator in many biological processes (such as extracellular matrix degradation, tissue remodeling, angiogenesis, apoptosis, cell proliferation) play an important role in both the vascular and fibrotic changes which correspond to aging 9, 10 . Research has demonstrated that, in association with MMP-2 expression, hypoxia induces MMP-2 expression from fibroblasts, and endothelial angiogenesis is enhanced 11 . MMP-2 which can be isolated from testis and epididymal fluid is a critical component for sperm maturation 12 . MMP-2 level is associated with sperm count and quality. Sperm viability decreased and DNA fragmentation increased when MMP-2 was observed at low levels 13 . MMP-2 seems to have an important function in the role management of structural testicular changes and the reproductive functions related to aging. Similar to VEGF, hypoxia-inducible MMP-2 may have positive effects on the elderly testis, but the expression in the aged testis is unknown.
The aim of this study is to determine how VEGF and MMP-2 expressions are influenced by the hormonal and structural changes related to aging. The modulation of MMP-2 and/or VEGF expressions may help hypogonadism due to aging.
METHODS
Animals and Experimental Procedures
Sprague Dawley outbred male rats (26-30 months of age and 8-10 months of age, weighing 250-350 g) were provided from Institutional-Experimental Animal Laboratory. All rats were housed at constant room temperature (22±1°C) under a 12-h light/12-h dark cycle and had access to food and water ad libitum. All the experimental procedures were approved by the Institutional Medicine Animal Care Committee (tissues were obtained from the study whose approval number was 5.4.2018: 40/2018) and all animal experiments were conducted in accordance with the policies of the 'Guide for the Care and Use of Laboratory Animals, Eighth Edition'.
Aged rats with a mean age of 28 months (n: 7) and adult rats with a mean age 9 months (n: 7) were sacrificed under CO2 inhalation anesthesia which had a rapid and short-term anesthetic effect 14 . The testes were removed and tissue samples containing tunica albuginea and seminiferous tubules were obtained for measurements.
Biochemical Evaluation
Frozen samples of testicular tissue were weighed and homogenized with steel beads using Biospec Mini-Beadbeater-16 (BioSpec Products Inc., USA) in 10 volumes of PBS, pH:7.4 and centrifuged at 5000 g for 15 min at 4°C. The supernatants were used for all biochemical analyses.
Tissue ELISA measurements for MMP-2 and VEGF were performed according to the kit protocol. The rat specific MMP-2 kit (Catalog No E-EL-R0618, Elabscience®, USA; with assay sensitivity: 0.19 ng/mL and detection range 0.31~20 ng/ml), rat specific VEGF kit (Catalog No EK0540, BOSTER Biological Technology, U.S.A.; assay sensitivity <1 pg/mL and detection range 15.6-1000 pg/mL) was implemented for measurements. All results were calculated according to µg/mg protein per tissue. Protein analysis was conducted according to the manufacturer guide of the BCA protein Assay kit (Catalog Number 23227, PierceTM BCA Protein Assay Kit,USA). All results were calculated according to mg protein per tissue. Absorbency changes were measured using a microplate reader (ELx800, BioTek Instruments, Inc., Winooski, VT, USA) at 450 nm for ELISA kits and at 560 nm for the protein assay kit. Serum total testosterone levels were measured on the Beckman Coulter DXI 800 analyzer according to the original kit protocol based on the competitive binding principle (reference range: 1.75-7.81 ng / ml).
Statistical Analysis
The median and percentile values (25-75%) of the variables were calculated for each group. The statistical significance of the differences between the groups was analyzed by using the Mann-Whitney U test on SPSS 15.0 program. p values < 0.05 were considered statistically significant.
RESULTS
Compared to the adult group, MMP-2 levels were reduced in the testicular tissues of the aged group, as illustrated in Table and Figure g/mg respectively, p=0.009]. Compared to the adult rats, total testosterone levels were found to be at lower levels in the aged rats as indicated in Table and Figure 3 
DISCUSSION
Understanding gonadal deficiency in elderly men is critical because the population of elder people worldwide is increasing. Elder people want to improve the quality of life as much as possible and eliminate inabilities. The role of histologic and morphologic changes on the loss of gonadal function are evident. Vascular changes (such as atherosclerosis, capillary occlusion etc.) and increasing fibrosis results in the decreasing of blood supply to the germinal epithelium. Likewise, increasing fibrosis also leads to seminiferous tubular sclerosis followed by testicular atrophy 15 . Research demonstrated that chronic hypoxia causes both fibrosis formation and decreases sperm count 16 . MMP-2 and VEGF are important mediators of fibrosis, apoptosis, vascular regeneration and reproductive cells, which are all affected in the aging process. The relationship of these two major mediators, which play a role in testicular changes and reproductive abilities in old age, was not investigated. In our study we detected that serum total testosterone levels and MMP-2 levels were diminished in the aged group. In old age, the circulating level of testosterone gradually decreases due to age-related hypofunctions of leyding cells and the slow production of hypothalamic gonadotropin-releasing hormone 17 . It was reported that testosterone and MMP-2 levels exhibit parallel changes in the elderly 18 . A study with aged rat cardiac fibroblasts demonstrated that testosteronetreated cells showed less collagen production and lower proliferation than those without testosterone and their MMP-2 production increased 19 . Testosterone administration to elderly rats decreased renal fibrosis and increased MMP-2 expression 18 . These findings were associated with weakened tumor growth factor β1 (TGF-β1) and downstream Smad 2/3 signaling, which triggers gene transcription of MMP-2 in the nucleus. It can be claimed that MMP-2 expression was suppressed in the TGFβ and Smad pathway in our elderly groups. On the other hand, this inhibitor pathway was eliminated in the adult group due to testosterone effect. MMP-2 expression was also affected by oxygenation. Although hypoxia was reported to induce MMP-2 expression in fibroblasts, the opposite effect was recorded in endometrial stromal cells 11, 20 . Although the effect of hypoxia on MMP-2 is controversial, our results support a negative regulation. In previous studies, MMP-2 activity was found to be low in semen samples which had high DNA fragmentation and low sperm count 21 . Our low MMP-2 activity in elderly samples seems to be consistent with these findings.
We observed increased VEGF levels in the elderly testis. Similarly, the increase of VEGF was reported in different studies in heart and retina tissues associated with aging 22, 23 . Increased levels of VEGF may be associated with chronic hypoxia. Hypoxia was shown to induce VEGF and VEGF reseptors through HIF-1 at transcriptional level 24 . The hypoxia in the elderly testis which is a consequence of fibrosis and vascular occlusion may induce VEGF.
There are few studies on the interaction of MMP-2 and VEGF, which are closely related to aging-related changes. MMPs can play a regulatory role in the function of chemical mediators by enzymatically cleaving various peptides, receptors, cytokines and growth factors 9 . MMPs was also reported to have the ability to regulate the transcriptions of some proteins, including VEGF, by nuclear translocation 25 . Proteolytic cleavage of long chain isoforms of VEGF and the release of extracellular matrix-bound factors through proteolytic degradation may augment their effectiveness and bioavailability 26, 27 . MMP-2 may stimulate the enzymatic release of sequestered VEGF (no interaction with the environment) 28 . In this case, the inability of MMP-2 to process VEGF, even though VEGF was present, may interfere or mask the potential efficacy of VEGF. In our study, the efficacy of high levels of VEGF in the elderly rats compared to the adult rats may be low. Although high VEGF levels are expected to have a positive effect in terms of angiogenesis, sperm count and quality, the opposite effect can be observed in the elderly testes. This condition may be indicative of the inefficacy of VEGF or a result of the negative impact of VEGF in angiogenesis, sperm amount and quality. It has been suggested that MMP-dependent proteolytic cleavage is required for appropriate vascularization and the physiological angiogenesis response of VEGF (endothelial cell migration and proliferation in neovascularization) 28 . Increasing expression of VEGF resulted in pathological angiogenesis 29 . In pathological VEGF expressions (such as tumor growth and metastasis, macular degeneration, diabetic retinopathy, and inflammatory processes etc.) VEGF promotes the mobilization of inflammatory cells and induces the local inflammatory process 30 .
Despite the high VEGF levels in the elderly, vascular insufficiency, inadequate sperm count and sperm quality indicate the low or pathologic efficacy of VEGF. The ineffectiviness of VEGF on testicular aging seems to be related to MMP-2 deprivation. It may be useful to increase MMP-2 activity for the beneficial effects of VEGF in elderly hypogonadism such as neoangiogenesis, sperm supportive and antiapoptosis.
